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Abstract 

A  second  beryl li a  nozzle  inseri;  was  coated  with  tungsten.  The 
deposited  metal  was  rough  ana  lacked  unifomity.  TMs  condition 
owing,  in  part,  to  difficult^  in  controlling  a  slow  flow  rate  of 
heavy-densitj  tungsten  hexachloride  vapor.  T5ie  tungsten-coated 
beryl lia  substrate  had  a  transverse  crack.  Beryllia  exposed  to  re¬ 
actant  gases  showed  some  corrosion* 
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Departaent  of  the  Navy  Order  No,  IPR  SP-9-60-3 


A.  sackground 


On  February  5,  I960,  an  order  nuiabered  IPS  SP-9-60-3  issued 
by  ^ntr  Dsoai  .rent-  of  tie  Navy,  Special  Projects  Office,  i»a:..iington, 
D.  C.,  tc  the  Bureau  of  Mines,  D.  S.  Departeent  of  the  Interior, 
Washington,  D»  C.  The  erder  covered  the  lining  of  rocket  nozzle 
inserts  with  tungsten  by  vapor  deposition  frois  tungsten  hexafluoride. 
The  Aerojet-General  Corporation,  Sacramento,  Calif,,  or  firms  de- 
sig.-iated  by  were  to  supply  the  machined  nozzle  inserts,  Tech- 
rti.ai  coordliuition  rf  th-a  verk  uas  f  cv  v.:.  :•rr,^j^•^-Ger.eral 

C-  rporation.  and  all  components  produced  ur«der  the  contract  were  to 
Cilv.-ored,  Ultimately,  to  this  corporation. 


grs.p!ix^e  nozsJ-S  ijiserts  rc./s  wxx-n 

tiingsten.  Five  cf  these  coated  inserts  were  returned  to  the  Aerojet- 
C-eneral  Corporation  for  evaluatior.  and  firing  tests.  The  other  in¬ 
sert  was  cross-sectioned  and  examined  metallurgy  rally  at  the  Pnlia 
Metallurgy  Research  Center,  The  results  of  the  firiri:  tests  were 
given  in  Monthly  Progress  Reports  No.  5  and  Ai,  9, 

ThrBB  beryllia  nozzle  inserts  and  four  beiyllia— tungsten  in¬ 
serts  have  been  received  from  the  National  Seiyllia  Corporation, 
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Haskeli,  N.  J.  Two  beryl  lia  inserts  have  been  lined  ifith  tungsten. 
One  was  cross-sectioned  for  evaluation,  results  of  which  were  given 
in  Progress  5eport  Ko.  I3.  Sane  transverse  cracks  were  noted  ir.  the 
beryllia  substrate- 

Four  subscale  graiAite  nozzle  inserts  have  been  received  froa 
the  Atlantic  Research  Corporation,  Alexandria,  Va. 

2.  program  (S.leetives  and  Sccpe 

Tn'  objectives  of  thi*^  work  are  outlined  in  Monthly  Progress 
Report  Ho.  1  and  in  the  Contract  bearing  Order  Ko.  IPR  SP-9-60-3. 

C.  rrograa  Status 

A  temperature  standa*-dization  test  was  cosseted  on  one  beryl¬ 
lia  insert  hf  .-aeans  of  a  short  reaction  tube  within  a  furnace,  zne 
's.sert  was  ~;ien  •..■i’.h  tiingsten.  Ihe  tungsten  deposit  was  very 

rcu^.  A  contributing  factor  to  this  roughness  was  dii^irulty  cn- 
r-:  ’n  -'ontroUing  the  flow  of  tungsten  hexafluoride  froa  its 
coitcainer.  ga"  '•~s  emitted  in  _v  rr“;  -="0— isi''»= 

flow  rate.  Toe  relatively  s2r;all  size  of  the  insert  required  a  low 
and  careful 1 v  controlled  rate  of  flow  of  reactant  gases.  This  was 
difficult  to  attain  with  the  heavy-density,  low-pressure  tungsteii 
hexafluoride. 

After  the  deposition  cycle  for  tungsten  was  conpieted,  the 
teaperat’jre  of  the  reaction  tube  containing  the  coated  insert  was 
cooled  very  slowly  to  room  teaperatiire.  This  was  done  to  lessen 


thermal  shock  and  reduce  thernally  induced  stresses.  A  transverse 


crack  forced  in  the  beryllia  substrate.  The  flat  surface  abutting 
the  snail  cone  showed  sone  corrosion. 


Arrangements  have  been  nade  to  coat  a  third  beryllia  insert 


with  tungsten. 
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